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An inves t iga t ion  was conducted t o  eva lua te  the s t a b i l i t y  of a 
s p e c i f i c  low expansion glass-ceramic ma te r i a l  r e l a t i v e  t o  i t s  use a s  a large, 
l ightweight mirror  subs t r a t e  f o r  d i f f r ac t ion - l imi t ed  spaceborne o p t i c a l  ap- 
p l i c a t  ions. 
These eva lua t ions  were made on a segment (0.44 meter diameter by 
0.31 meter th ick)  of a 2 t o  3 meter diameter mir ror  blank. The m s t e r i a l  used 
& 
was CerVi:, type C-101, made by Owens-Illinois. The dimensional s t a b i l i t y  of 
t h i s  mirror  was measured in t e r f e rome t r i ca l ly  before and a f t e r  l ightweighting, 
a s  a func t ion  of rough machining, etching, thermal environment, and support 
conf igurat ion.  
Tes t  da ta  on the  s o l i d  mirror  blank showed no measurable change 
i n  f i g u r e  (i.e., less than  1/23 of a wavelength (X) of 0.63pm), of t h e  o p t i c a l  
surface when it was measured a t  293.~ 'K,  273'K, and 2 1 6 . 1 5 ~ ~  (20°c, O'C, aod 
-57'~).  No change i n  sur face  f i g u r e  caused by s e l f  -weight was observed among 
th ree  mounting arrangements (3  poin t  support - 2. lr  (120') a p a r t  located, re- 
spect ively,  a t  0.25, 0.66, and 0.91 of t he  radius) .  No measurable change i n '  
t he  absolute  radius of curvature was observed a f t e r  one thermal cycle  t o  2 1 5 ' ~  
(-58'~). 
Test  da ta  on the  mirror  a f t e r  l ightweight ing showed small surface 
i r r e g u l a r i t i e s  (h/10 in magr,itude) okcurring i n  a zone represent ing  about la 
of the  mirror  area, aqd located s l i g h e l y  off-center.  During t h e  etching.pror  
gram these  small  i r r e g u l a r i t i e s  smoothed out  leaving a low a rea  approximately 
XI5 deep over the  sane a r q .  No measurable f i gu re  ch.nge was observed t o  have 
occurred through twenty (20) thermal cyc les  f  tom 293.15'~ t o  216.15 '~ (20 '~ .  
t o  - 5 7 * ~ ) .  Nor was any change detected '  among t he  t h ree  d i f f e r e n t  mounting 
support loca t ions  . 
A spec i a l  computer ana lys i s  program was used t o  p l o t  t h e  coe f f i -  
c i e n t s  corresponding t o  abe r r a t ions  with s i x f o l d  syuxnetry (caused by t h e  m i r -  
r o r ' s  self-weight de f l ec t ion  on a t h r e e  point  support). The objec t ive  was 
t o  enhance t h e  t e s t  sensitivity. Resul ts  i nd ica t e  t h a t  any such e f f e c t s  due 
t o  self-weight de f l ec t ion  a r e  of t h e  order  of 0.015h rms. Table 1 sunnnerizes 
t he  rms and peak-to-peak f igu re  changes associated wi th  each processing opera- 
I i " 
t ion .  
The exce l l en t  s t a b i l i t i e s  shown a f t e r  machining, etching, and 
during and a f t e r  'hermal changes ind ica t e  t h a t  premium grade CerVit (type 
C-101) i s  a very a t t r a c t i v e  candidate  f o r  l a r g e  te lescope mirrors.  
Condition 
TABLE I. SUMMARY OF SURFACE FIGURE CHANGES 
* Optical Figure (Fractional Wavelength ) 
P-P. r.p.s. 
I n i t i a l  (0.66R, 2 0 ' ~ )  0.2991 0.0390 
I n i t i a l  (0.66R, 2 0 ' ~ )  0.3981 0.0631 
OOc 0.4206 0.0611 
-57Oc 0.2837 0.0401 
0.25R 0.3803 0.0585 
0.66R 0.3981 0.0631 
0.918. 0.4702 0.0625 
Condition 
After Lightweighting 
After Etching 
Before Thenna 1 Cycling 
After 20 Thermal Cycles 
t o  -57°C 
Lifthtweighted Mirror 
Ff gure 
P.P. r.rn.8. 
Measurement 
Aperture 
Measurement 
Aperture 
v i t  
JhTRODUCT I O N  
1.1 PROGRAM OBJECTIVE 
The ob jec t ive  of  t h i s  program i s  t o  eva lua te  and optimize cu r r en t  
process technology i n  t he  f a b r i c a t i o n  of large,  l ightweight  mir ror  s t r u c t u r e s  
f o r  t h e  Large Space Telescope. Spec i f i ca l l y ,  t h e  i n t e g r i t y  and s t a b i l i t y  of 
a s o l i d  and lightweighted mir ror  blank were determined a s  a func t ion  of t e m -  
perature ,  mounting configurat ion,  and t h e  important mechanical and o p t i c a l  
processing s t eps  t y p i c a l  of those t o  be experienced i n  f a b r i c a t i o n  of 2 t o  3 
meter diameter primary mirrors .  I n  t h i s  study, a small  segment (0.44m diam- 
e t e r  by 0.31m th ick)  of a 2 meter primary, made of t h e  low expansion g l a s s -  
ceramic, CerVit type C-101, was evaluated. 
1.2 PROGRAM PLAN SUMMARY 
This  program has been s t ruc tu red  t o  be  accomplished i n  two d i s -  
t i n c t  phases. F i r s t ,  t h e  mir ror  a s  a s o l i d  was evaluated. Secondly, a f t e r  
l ightweighting, the  same mir ror  was r e t e s t e d  and eompared t o  i ts  performance 
under t h e  f i r s t  phiroe. D e t a i l s  of t he se  two phases a r e  given below: 
1.2.1 Phase I - Evaluation of t h e  So l id  CcrVit Blank 
This  a c t i v i t y  was conducted t o  determine t h e  opt ical /mechanical  
p rope r t i e s  of a s o l i d  o p t i c a l  mi r ro r  a s  a func t ion  of thermal environment 
and mechanical support corZiguration. The fol lowing a c t i v i t i e s  wera per- 
formed : 
(a) The NASA/CSFC Technica 1 Of f i ce r  suppl ied a mir ror  blank, nominally 
of 43.8 diameter by 30.5 cm thick,  t o  Perkin-Elmer, 
(b) The blapk was inspec ted  by u l t r a s o n i c  mapping techniques. 
(c) The blank was ground and o p t i c a l l y  poliehed t o e  concave s p h e r i c a l  
shape. This  sur face  was made t o  a r ad ius  of curva ture  of 236.6 
* 
f0.2cm with a f i g u r e  accuracy of 0.25Oh er spec i f ied .  
* 
4t a wavelength h of 0.632&m. 
(d) Interferograms mapping the  e n t i r e  mirror  surface under t e s t  
were taken a t  t he  r ad ius  of curvature of the  mirror.  Peak-to- 
v a l l e y  s e n s i t i v i t y  of t he  measurements was 0.1 wavelength a s  
spec i f ied .  
(e) The absolute  r ad ius  of curvature of t h e  mirror  was measured. 
( f )  The thermal f i g u r e  s t a b i l i t y  of t he  mirror  blank was then 
measured i n  a thermal vacuum chamber. Interferograms, taken a t  
temperatures of 293"~ ,  2 7 3 ' ~  and 216°K (+20°, 0°, and -57 '~) ,  
were reduced by numerical methods t o  y i e l d  peak-to-valley and 
rms devia t ions  from t h e  b e s t  f i t  spher ica l  surface. 
(g) Deflect ion c h a r a c t e r i s t i c s  of t h e  mirror  mounted on th ree  point  
supports located 2. l r  (120 degrees) a p a r t  on support c i r c l e s  of 
0.25, 0.66, and 0.91 of t h e  blank r ad ius  were determined. 
(h) Following thermal t e s t i n g  and de f l ec t ion  measurements, t h e  mirror  
blank was t o  be returned t o  the  GSFC Technical Off icer  f o r  l i g h t -  
weighting a t  Owens-Illinois. 
1.2.2 Phase I1 - Evaluation of t he  Lightweighted CerVit Mirror Blank 
This phase was conducted t o  determine changes, i f  any, i n  t h e  
optical/mechanical p rope r t i e s  of t he  mir ror  blank caused by lightweighting. 
To perform t h i s  eva lua t icn  the  following a c t i v i t i e s  were performed: 
(a) Upon r ece ip t  of the  l ightweighted mir ror  blank from the  GSFC 
Technical Officer,  Perkin-Elmer interferometr ical- ly  recorded 
the  surface o p t i c a l  f i gu re ,  and measuied t h e  absolute  r ad ius  of 
curvature of t h e  mirror.  
(b) The blank was then inspected by u l t r a s o n i c  mapping techniques 
a s  done previously i n  Phase I. 
(c)  A 1 1  i n t e r n a l  sur faces  of t h e  l ightweight ing c a v i t i e s  of t he  m i r -  
r o r  were then etched t o  a depth of 0.127:~m (O.OSO..Inch). P e r i ~ d -  
i c a l l y  during t h e  e tch ing  process, t he  op t%ca l  f i g u r e  war meas- 
ured in t e r f e rome t r i ca l ly  t o  record any changer,that occurred. 
(d) Following the  e tch ing  process, t h e  blank war aga in  inspected 
by u l t r a son ic  mapping techniques. 
(e) Thermal f i gu re  s t a b i l i t y  t e s t s  were conducted a s  i n  Phase I. 
( f )  The thermal cycl ing s t a b i l j  t y  of t h e  mirrow was determined from 
comparison of in te r fe rogrons  taken before and a f t e r  one ( I ) ,  
f i v e  (5)) and twenty (20) thermal cyc les  between 2 9 3 ' ~  and 2 1 6 ' ~  
(20' and - 5 7 ' ~ ) .  
(g) Deflect ion c h a r a c t e r i s t i c s  of t he  l ightweighted mirror  were 
determined by in te r fe rometr ic  ana lys is ,  under s imi l a r  condi t ions  
a s  described i n  Phase I. - --. 
(h) Following measurement of the  absolute  r ad ius  of curvature of 
t h e  mirror,  t he  mirror  s h a l l  be returned t o  t he  GSFC Technical 
Officer.  
2.0 EVALUATION OF THE SOLID CERVIT MIRROR &A& 
2.1 ULTRASONIC TESTING 
Ultrasonic mapping t e s t s  were conducted on the  t e s t  p iece  t 
evaluate  t he  s t r u c t u r a l  i n t e g r i t y  of t he  CerVit mirror.  A high.freq!  ... m y  
(10 MHz) pulse-echo "C" scan recording technique was employed, E r ren t i a l l y ,  
t h e  da ta  output is  i n  t h e  form of a map (x, y surface)  I n  which dens i ty  
(2-information) i s  p r in t ed  according t o  t e n  shades of gray, depending on the  
magnitude of t he  r e f l e c t e d  "echd'pulse. Both pulse-echo and tranasniasion 
u l t raoonic  scan techniques were'used f o r  eva lua t ion  of t h e  s o l i d  mi r ro r  
blank. 
2.2 ABSOLUTE RADIUS OF CURVATURE MEASUREMENTS 
The absolute  rad ius  of curvature was measured before  and a f t e r  
a l l  thermal and de f l ec t ion  t e s t s ,  and was rncasured t o  an accuracy of O.25m. 
The maasurements recorded were: 
Spec i f i ca t ion  Actual 
Requirement Measurement 
p f  o re  Af te r  
-
2366 * 21m 2365 08nrm 2365.4tm 
+ 0.25am i 0.25nrp 
I n  conclusion, no de t ec t ab le  change i n  rad iur  of curvature was 
noted following thermal and d e f l e c t i o n  tests of t h e  s o l i d  m i x o r  bla*,, 
2.3 THERMAL MEASUREMENTS 
The mirror  was supported r a d i a l l y  a t  3 points,  loca ted  2 . l r  
(120 degrees) a p a r t  a t  t h e  0.66 r a d i a l  pori t ion,  and both t h e  mir ror  and t h e  
support were placed i n  the low temperature vacuum test chamber. The tempera- 
t u r e  of the t e s t  piece was monitored by thermocouples that ware a t tached  t o  
the  c e n t r a l  f r o n t  and r e a r - s u r f a c e r  and t o  va r ious  edge loca t ion i .  The tea- 
pera ture  of t he  test; piece was allowed t o  a t s b i l i c e  f o r  a period of 6 houra 
p r i o r  t o  recording any measurements. Interferograms were takr -  a t  293'#, 
2 7 3 * ~ ,  and 2 1 6 ' ~  (20') 0°, and - 5 7 ' ~ ) .  The interferograms were recorded from 
the  mir ror ' s  cen ter  of curvature and the  f u l l  c l e a r  aper ture  of t h e  mirror  
was recorded. 
The interferograms were recorded on photogr.sphic film. Data r e -  
duct ion was accomplished by automatical ly  scanning the  f i l m  negative with a 
microdensitometer, and numerically reducing t h i s  da ta  by an X3S-930 computer. 
To eva lua te  the  t e s t  r e s u l t s  the  d i f f e r ence  measurements between 
two interferograms were determined by t h e  computer. The interferograms a t  
2 9 3 ' ~  and 2 7 3 ' ~  ( 2 0 ' ~  and O'C) were compared, and the  interferograms,.at 2 7 3 ' ~  
and 2 1 6 ' ~  ( 2 0 ' ~  and -57 '~)  were compared. Contour maps shown i n  Figures  1 
and 2 show the  d i f fe rence  l e v e l s  across  t he  mi r ro r  surface. The t e s t  i n s t ru -  
mentation s e n s i t i v i t y  was ca lcu la ted  t o  be approximately >./20. 
This  was we l l  wi th in  t h e  spec i f i ed  hf1O s e n s i t i v i t y  requirements 
f o r  t h i s  program. The peak-to-peak v a r i a t i o n  i n  the  contour shoued no ne t  
change g r e a t e r  than  h/20. This  demonstrated t h a t  t h e  s o l i d  CerVit blank has 
good uniformity of expansion c o e f f i c i e n t  and, hence, exce l l en t  thermal f i g u r r  
s t a b i l i t y .  
2.4 SELF-WEIGHT DEFLECTION MEASUREMENIS 
The melf -weight de f l ec t ion  of t h e  s o l i d  CerVit mirror  was meas- 
vred as 3 f u n c t i ~ n  of supyore posi t ion.  For t he  t-ests,  t he  mirror  was 
aounted on th ree  supports  spaced 2 . k  (120 w r e e s )  apart .  h e  meawtements 
were taken with t h e  supports a t  Q.25, 0.66, and 0.91 of t he  r ad ius  of t he  
blank. The 0.91 r a d i a l  f a c t o r  was a s  c lo se  t o  t h e  edge a s  s a f e t y  would a l -  
l ~ .  
A t  each posi t ion,  a surface interferogram war taken t o  record any 
change i n  surface f igure .  ,111 the intcrferograms were recorded a t  a room 
ambient temperature of 2 9 3 ' ~  (20 '~) .  The test - r e s u l t 8  show t h a t  t h e r e  war no 
s i g n i f i c a n t  change i n  sur face  f i ~ u r e  gr raker  than  h/20. Pipre 3 canparem 
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Figure 2. Solid Blank - Difference Between 20°C sad - 5 7 ' ~  
Figure 3. Solid Blank - Difference Between 0.66R and 
0,918 Support 
the  measurements taken a t  0.66 and a t  0.91 of the  radius. Figure 4 compares 
the  interferograms taken a t  0.66 and 0.25. 
A s  expected, no measurable def lec t ions  were observed because of 
the  thickness of t h i s  blank. This  data was obtained f o r  reference purposes, 
and w i l l  be compared ( i n  Phase 11) t o  def lec t ion  c h a r a c t e r i s t i c s  of the  
lightweighted blank. 
The test r e s u l t s  of Phase I show the  so l id  CerVit blank has good 
uniformity of expansion coef f i c i en t  and hence excellent  thermal f igure  s t a -  
b i l i t y .  A s  might be expected with a test piece having such a low aspect 
r a t io ,  the op t i ca l  f igure  remained unchanged f o r  varying r a d i a l  support con- 
d i t  ions. 
C O r n U R  INTERVAL = 0.0501 
la = 4.150 
Figure 4. Sol id  Blank Difference Between 0.6661 and 0.25R Support 
3.0 EVALUATION OF THE CERVXT MIRROR AFTER LICHTWEIGHTING 
After completion of Phase I, the  mirror  was lightweighted a t  
&fans-Illinois.  The weight of the CerVit mirror was reduced from 160 kg t o  
54 kg by removing seven hexagonally shaped cores. (Appendix A contains the  
[?dens-Illinois lightweighting report.) The mirror  was then returned t o  
lerkin-Elmcr f o r  t h e  perforrcance of Phase I1 measurements a s  oc t l ined i n  
Section 1.2. The l ightbeight  configuration is  shown i n ' ~ i ~ u r e  5. 
3.1 ULTRASONIC AM) RADIUS OF CURVATURE NEASUREMENTS 
After r ece ip t  of the  mirror from Owens-Illinois, t he  m i r r o r  was 
~ ~ l t r a s o n i c a l l y  scanned. No s t r u c t u r a l  defec ts  were found. Next, t h e  abso- 
l u t e  radius of curvature was measured. No change was found t o  have occurred. 
3.2 POST-NACHINING MEASUREMENTS 
Interfer0,grams recording the  op t i ca l  f igure  of t h e  lightweighted 
mirror were taken and compared t o  a reference interferogram made of the  sur- 
f ace . f igure  p r i o r  t o  machining. These a r e  shawn..in Figure 6. Figure 7 i s  a 
computer generated contour map showing the  ne t  change i n  the  mirror  a s  a re-  
s u l t  of the  lightrceighting, which was obtained by subtract ing Figure 6b.from 
6a. The interferograms show very local ized and small i r r e g u l a r i t i e s  (approx- 
irnately A/;;, i n  magnitude) i n  a broad-.area located off-center and occupying 
approximately 10% of the  mirror 's  surf ace area. 
3.3 OPTICAL SURFACE FIGURE AFTER ETCHING 
'f& l ightweight CerVit blank a s  received from Owens-Illinois Bard 
i t s  cavity s rrf aces in ten t iona l ly  l e f t  i n  t h e l r  ' as-machined condition, i.e ., 
no cllemic.~l etching ,for s t r e s r  r e l i e f  punposes had been done on the  machined 
o u r f a c ~ a ,  Web thicknesses were nominally 0.89cm (0.350 inch) thick. A l l  in- 
t e r i o r  machined surfaces of ,the blank were then etched t o  remove any s t r e s sed  
* a t e r i a l  introduced by the  machining process and t o  a r r e s t  propagation of sur- 
f a a t  cracks i f  present. A t o w 1  o f  0.127cm (O.OH) inch) was uniformly re- 
moved from a l l  i n t e r i o r  surfaces i n  seven increments r e su l t ing  i n  a f i n a l  webi 
thickness of O.635cm (0.250 inch). 
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Figure 7. Net Change Due to Lightweighting 
Interferograno were takan follolring each increment. Surface 
f i gu re  changes were observed icmedintely and continued t o  grow u n t i l  0.014 cm 
(0.006 inch) of CerVit, per machined surface,  wss removed. No f u r t h e r  change 
occurred during removal of the remaini,lg 0.112 cm (0.044 inch) from each sur-  
face.  These changes a r e  p lo t t ed  i n  Figure 8. 
Figare  9, which compares interferograms of t h e  mir ror  a f t e r  
machining and a f t e r  e tching,  shows t h e  f i g u r e  change t o  be a zone approxi- 
mately h/5 i n  depth which i s  near ly  centered with r e spec t  t o  t h e  c e n t r a l  
cavi ty .  Figure 10 i s  a contour map of t h e  ne t  change i n  t he  workpiecr due 
t o  etching. 
3.4 THERMAL FEASURENENTS 
3.4.1 Thermal S t a b i l i t y  
The mir ror  was supported r a d i a l l y  a t  t h r e e  po in t s  loca ted  2 . l r  
(120 degrees) apa r t  a t  t h e  G.66 r a d i a l  posi t ion.  The mirror  and i t s  mounting 
s t r u c t u r e  were placed i n  t h e  low temperature v e r t i c a l  vacuum test chamber. 
The temperature of t h e  mir ror  was monitored wi th  thermocouples a t tached  t o  
t h e  facepla te ,  i n s ide  t h e  c e n t r a l  cavi ty ,  t h e  backing p la te ,  and t o  t h e  s i d e  
of t h e  mirror. Mirror temperature was allowed t o  s t a b i l i z e  f o r  a per iod of 
t h r ee  hours a t  2 7 3 ' ~  (o'c) and f o r  s i x  hours a t  2 1 6 ' ~  (-57'~) before  measure- 
ment. Interferograms were recorded a t  293.15'~, 273.15 '~ and 216.15'~ (20°, 
0°, and -57 '~)  using an equal-path interferometer .  F igures  11 and 12 a r e  
contour macs t h a t  give the  ne t  change i n  sur face  f i g u r e  a t  2 7 3 ' ~  and 216.15OK 
(0' and - 5 3 ' ~ )  telat-Ave t o  t h e  f i g u r e  a t  293.15 '~ (20 '~) .  These maps were 
made by subt rac t ing  t h e  273°K and 21h .15°~  (b0c~and -57'~) interferograms 
from the  293 .15 '~  ( 2 0 ' ~ )  i n t e r f  erograms. To the  limit of s e n s i t i v i t y  (kh/20), 
no change i n  o p t i c a l  f i g u r e  was observed a t  e i t h e r  temperature. 
3.4.2 Thermal Cycle .Tests  
Af te r  completiorr of d e f l e c t i o n  t e s t i n g  (which s h a l l  ba descr ibed 
i n  Sec t ion  3.5), t he  mir ror  was placed i n  a MIL-qualified environmental t e s t  
chamber and automatiEally cycled twenty times between 2 9 3 ' ~  and 2 1 6 ' ~  ( 2 0 ' ~  
Total Thiclness of Material Remwed by Etching 
( ~ m )  
Figure 8. Change i n  Optical Figure Across Cavity $82 a s  a 
Function of Etch Depth 
(a) Be£ ore 
(b) After 
Figure 9 .  Figure Change Due t o  Etching 
CONTOUR DSTIRVAL - 0.05Or 
KL = 0.150 
. 
.*..* 
D . . . . .  
.. . . . 
*I 
b ." 
. P e a * ,  
1. 
.. 3. 
*.*.* 
.*. 
CONTOUR INTEeRVAL - 0.050A ' L-"" ' ' 
la. -0.150 27 
LM * 4.100 
MN= -0.050 
ND ZERO 
OP .0.050 
PQ 0.100 
QR - 0,150 
NET CXANIIE 
p.p. 0.U8tk 
r.m.8. - O.OSM1 
Pigun 11. Difference Betwoen 2O.c m d  O'C 

and -57'~).  Cooling and heat ing r a t e s  were approximately 0.5'~/min. The 
mirror  was kept a t  each end temperature f c r  1.5 hours. Interferograms were 
recorded before t he  f i r s t  cyc le  and a f t e r  t h e  f i r s t ,  f i f t h ,  and twent ie th  
cycle.  
Figure 13 i s  3 contour map shoving t h e  net  f i g u r e  change a f t e r  
twenty cycles, and was made by sub t r ac t i ng  t h e  l a s t  interferogram from t h e  
i n i t i a l  one. No change i n  i i g u r e  i s  observed t o  have occurred a f t e r  tven ty  
cycles  from 293.15'~ t o  216.1S0i< ( 2 0 ' ~  t o  -57Oc). 
3.5 DEFLECTION MEAS UREE NIS 
- --. 
3.5.1 Mountins Conf i ~ u r a t  ion 
The seif-weight d e f l e c t i o n  of t h e  C e r V i t  mi r ror  blank was measured 
a s  a  func t ion  of support posi t ion.  For these tests t h e  mir ror  was 1.1ounted 
(with i t s  o p t i c a l  a x i s  v e r t i c a l )  on t h r ee  supports  spaced 2 . l r  (120 degrees) 
apart .  Measurements were taken  wi th  t h e  supports  loca ted  a t  0.66, 0.25, and 
0.91 of t he  rad ius  of t h e  mir ror ' s  aper ture ,  The s p e c i f i c  conf igura t ion  of 
these supports i s  s!-crun i n  Figure 14. Each of t h r e e  s t a i n l e s s  s t e e l  upper 
pae- (B) shown i n  t h e  f i g u r e  was 3.81cm (1.5 inches) i n  diameter by 1.27cm 
(0.5 inch) thick.  They were ground f l a t  and a t tached  t o  t h e  back o f  t h e  m i r -  
r o r  (A) with double-sided tape. The bottom pads (D) were f r e e  t o  s l i d e  on 
the  mounting p l a t e  (E)  so  t h a t  any movenent of t h e  mounting p l a t e  r e l a t i v e  t o  
t h e  mirror  could cause no torques or moments t o  be  appl ied  t o  t h e  mirror.  
This  was accomplished by a t t ach ing  a  0.0127~11 (0.0q5 inch) t h i c k  by 3.81cm 
(1.5 inch) d i axe t e r  piece of Teflon t o  t h e  bottom of t h e  lower pads (D) w i t h  
double-sided tape. The 0.0953cm (0.375 inch) diameter steel b a l l s  ,(C) 
r e s t ed  i n  shallow conica l  s e a t s  i n  t h e  upper and lower pads and provided a  
se l f - leve l ing  act ion.  This  mounting arrangement was used f o r  both t h c  thermal 
s t a b i l i t y  and self-weight de f l ec t i on  measurements. 
3.5.2 Expected Deflect ion Cha rac t e r i s t i c s  
Based upon previous ex - r imn ta l  and t h e o r e t i c a l  ana lys i s  of these. a 
I 
mfrrors, changes i n  o p t i c a l  f i g u r e  due t o  s e l f  -weight d e f l e c t i o n  a r e  no t  5 j 
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Figure 14. Mounting Pad Design 
Figure 15. Deflection Geometry 
r o t a t i o n a l l y  symmetric about t h e  rai r ror ' s  o p t i c a l  axis ,  but instea.: a r e  
per iod ic  i n  angle a s  shown i n  F igure  15. The change i n  f i g u r e  along t h e  
t h r ee  r a d i i  cor-  ,spending t o  t h e  support r a d i i  (a) a r e  equal, but d i f f e r e n t  
from t h e  f i g u r e  change occurr ing along t h e  o the r  t h r e e  r a d i i  (b). 
No f u r t h e r  p r ed i c t i on  concerning t h e  mir ror ' s  expected def lec-  
t i o n  c h a r a c t e r i s t i c s  can be v a l i d l y  made u n t i l  a  d e t a i l e d  mechanical ana lys i s  
a s  has f i r s t  been cbtained. It i s  reasonable t o  expect t h a t  t h e  bending of 
a  mir ror  of such low aspect  r a t i o  does not  fol low c l a s s i c a l  "p la te  thzory". 
Instead the  experimental r e s u l t s  obtained s h a l l  be given i n  t h e  next sec t ion .  
3.5.3 Experimental Resul t s  
Visual inspec t ion  of t h e  interferograms showed no apparent 
. 
change i n  f i g u r e  among the  t h r e e  support pos i t ions .  Standard computer reduc- 
t i o n  a l s o  showed no c l e a r  evidence of a  pe r iod i c  change even when-the 0.91R 
and 0.25R interferograms were subtracted.  The mir ror  behaved a s  a  s t i f f ,  o r  
low-aspect, r a t i o  s t ruc tu re .  
I n  an attempt t o  es t imate  t he se  d e f l e c t i o n s  more closely,  a  
s p e c i a l  computer ana lys i s  was run  which p l o t t e d  those c o e f f i c i e n t s  of t h e  
abe r r a t i on  power s e r i e s  with t h r ee fo ld  symmetry. Two such func t ions  1.048r 
(60 degrees) a p a r t  were f i t t e d  t o  t h e  da ta  obtained from t h e  interferograms. 
These a r e  designated x and y  t h i r d  order  c lover  funct ions.  F i f t h  and seventh 
order  terms were neglected f o r  t h e  purpose of t h i s  experiment. The r e s u l t s  
I 
were p l o t t e d  and a r e  shown i n  F igures  16 through 18. While t h i s  test  ana lys i s  
technique i s  s t i l l  experimental, t h e  maps do i n d i c a t e  r e l a t i v e  d e f l e c t i o n s  
along t h e  (a) and :b) d i r e c t i o n s  f o r  each mounting conf igura t ion  t h a t  s a t i s f y  
a l l  of t he  requirements tabula ted  i n  Sec t ion  4.2. 
(1) The map f o r  t h e  0.66R mounting p o s i t i o n  (Figure 16) shows t h e  
l e a s t  o v e r a l l  d i s t o r t i o n  of the  t h r ee  mount condi t ions.  The 
de f l ec t i ons  along (a) and (b) a r e  of opposi te  sense and are ,  
respec t ive ly ,  -0.015h and +0.015h wi th  respec t  t o  t h e  cen te r .  
B 
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(2) Edge de f l ec t ions  a r e  l a r g e r  f c r  t h e  0.25R case and amount t o  
+0.035A and -0,035h, respect ively,  along the  (a) and (b) d i rec-  
t ion.  (See Figure 17.) 
(3) Edge de f l ec t ions  f o r  t h e  0.91R case amount t o  +0.035h and -0.035h 
along the  (a )  and (b) r a d i i ,  a s  shown i n  Figure 18, 
( 4 )  The de f l ec t ions  observed f o r  t h e  0.25R and 0.91R mount configura- 
t i o n  a r e  comparable. They a r e  approximately 2.33X the de f l ec t ion  
observed f o r  t h e  0.66R mounting arrangement. The RMS f i g u r e  de- 
v i a t ions  a r e  0,008X, 0.016h, and 0.015A f o r  t h e  0.66, 0.25, and 
0.91 mount posi t ions.  
The t e s t  r e s u l t s  of Pho.:e I1 re in fo rce  those obtained i n  Phase I 
end ind i ca t e  t h a t  t he  CerVit blank has good uniformity of expansion c o e f f i -  
c i en t ,  exce l l en t  thermal f i g u r e  s t a b i l i t y ,  and low i n t e r n a l  s t r e s s .  hl.emark- 
ably l i t t l e  change was observed a f t e r  t he  ex tens ive  l ightweight ing a c t i v i t y ,  
so t h a t  i t  was naL found necessary t o  re - f igure  the  mirror  a f t e r  Lightweight- 
ing. In  i t s  present  condi t ion  t he  mir ror  i s  ve ry  r i g i d .  Any changes i n  
s e l f  -weight d e f l e c t i o n  due t o  mounting conf igura t ion  a r e  extremely small . 
On t h e  b a s i s  of t he se  t e s t  r e s u l t s ,  premium grade CerVit, type C-101, shows 
exce l l en t  thermal mechanical and o p t i c a l  p r o p e r t i e s  and i s  w e l l  s u i t e d  f o r  
use i n  l ightweight  l a rge  ape r tu re  mir rors  i n  c r i t i c a l  appl ica t ions .  
. . Since t h e  t e s t  mi r ror  i n  i t s  p re sen t  l ightweighted s t a t e  i s  s t i l l  
very r i g id ,  f u r t h e r  l ightweight ing i s  q u i t e  f e a s i b l e  and i s  recommended. I n  
p a r t i c u l a r ,  t h e  cav i ty  access-hole diameter can be enlarged, and t h e  back- 
p l a t e  th ickness  of 3.8 c m  (1.50 inches) can be reduced. Specifbcal ly ,  it i e  
advigable t h a t :  
(a) An ana lys i s  should be  performed t o  determine t h e  proper ex t en t  
of change i n  backpla t e  thickness,  f r o n t p l a t e  thickness,  and 
access-hole diameter. 
(b) These changes a r e  t o  be made i n  increments of 0.635cin (0.25 inch) 
f o r  t h e  ho le  diameter and 0.317cm (0.125) inch f o r  t he  backplate.  
(c) Surfzcn f i g u r e  change be i n t e r f e rome t r i ca l l y  monitored a s  a  
f w k i o a  of ma te r i a l  removal. 
Execution of these  s t u d i e s  would ensure op t imiza t ion  of the  
l ightweight ing and make poss ib le  an  extremely e f f i c i e n t  design f o r  l a rge  
aperture ,  l ightweight  o p t i c a l  mir rors  s u i t a b l e  f o r  very  c r i t i c a l  appl icat ions.  
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TEMPERATURE DATA ON COOLAI?T FLUID 
PROCEDURE 
1. Attach thermocouple t o  golf  s t i c k  adjacent  t o  grinding wheel. 
2. Monitor readings a t  15 minute in te rva l s .  
3. Readings taken on one cavi ty ,  
4. Readout device and thermocouple ca l ib ra ted  11-18-72. 
5 . Accuracy of device .3' F. 
Equipment : 
Thermocouple - Sheathe type Iron-Cons t an in  
Readout Device - Honeywell S t r i p  Chart Recorder 
Model No. 153C1 OPS - Z l K l  - 20Fl 
S e r i a l  No. 685095 
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